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lili invention. 



[0013] FIG. 9 is an enlarged view of a 
portion of the interconnect scheme of 
FIG. 8 shown within the box C. 

[0014] FIG. 10 is a schematic illustration 

of the die and substrate for making 

the interconnect scheme of FIGS. 8 and 9, 

shown before contacting the solder 

bump on the die with the copper contact 

member/bump on the substrate for 

soldering . 



DETAILED DESCRIPTION: 



DETAILED DESCRIPTION 

[0015] An example embodiment of a package 7 
with a package-die interconnect 
scheme according to the present invention is| 
depicted in FIGS . 8-10. The 
package utilizes copper bumps 8 on a 
substrate 9 and solder bumps 10 on a die 
11. In the example embodiment, the lower 
yield strength solder material, a 
AgSn solder in the example, acts as the die § 
bump. The solder is electroplated 
on the die to form the die bumps 10. The 
copper bumps 8 on the substrate may 
be copper columns or studs, as needed. Theyl 
are electroplated on the substrate 
lands or pads to provide standoffs, and to 
lower the resistance of the | 
interconnect. If copper columns are not | 
needed for performance, a solder with 
a melting temperature higher than the 
melting temperature of the solder on the 
die could be electroplated on the substrate | 
for stand-off. 



[0016] T| 




ring temperature excursions 
(before and after die-attach) , this stiff 
bump induces a significant amount of normal 
stresses on the dielectric layers 
in the die. These stresses cause gross i|| 
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silver tin solder materials used 
in accordance with the present invention, as 
compared with the copper die bump 
of the conventional interconnect scheme. 

[0020] Since I LD delamination is the key- 
failure mode, only the normal 
component of stress (peeling stress) is 
being compared in FIG. 6. It should be 
noted that even though the compressive 
peeling stress at the die edge (produced 
during heating the bare die) is in itself 
not a big concern, cooling the die 
reverses the direction of the stresses. 
Also, interaction of the package 
induced stresses with this copper bump 
induced stresses during different 
thermal loading conditions creates a 
significant increase in ILD stresses with 
the copper bump. 

[0021] FIG. 7 compares the maximum ILD 
peeling stress for two different 
die-bump/substrate bump/substrate 
combinations. For a case where the copper 
bump is on the substrate as in the present 
invention (the right side column in 
FIG. 7) , as compared with the conventional 
interconnect scheme where the copper 
bump is on the die (the left side column in | 
FIG. 7), it is noted that the 
maximum peeling stress after die-attach in 
the case of having the copper bump 
on the substrate is about half that of the 
current case where the copper bump | 
is on the die. This difference is due to 
the large yield strength of | 
electroplated copper (400 MPa) as opposed toil 
the much lower yield strength for . 
the AgSn solder (around 40 MPa at room 
temperature) . 




e of temperature 
cycling, where the cooling cycle will make 
the residual stress at the bump edge 
(shown in FIG. 6) positive, increasing the 
stress for the case where the copper 
bump is on the die. To put the 50% 
reduction in ILD stresses with the 
AgSn/Cu/organic material substrate (OLGA) 
combination of the invention (in the 
right side of FIG. 7) in perspective, the 
reduction in ILD stresses by going to 
a ceramic substrate (Cu/AgSn/ceramic) with 
6.5 ppm/. degree. C. CTE is only 
about 20%. Note, that even though the 
substrate in the conventional package of 
FIGS. 1-3 and the substrate in the package 
of the present invention illustrated 
in FIGS. 8-10 is a low cost organic 
substrate, this method can be applied to 
other common substrate materials like 
ceramic. However, the plastic and 
organic substrate materials have relatively H 
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51 axe substantially free of deposited solder alloy, and are 
preferably a Ca surface 51, or optionally a surface of Cu and 
an oxidation inhibitor. The Cu pads SI on the lands 53 of the 
circuit card 21 correspond to the solder assemblies 33 on the 
IC chip 10. 

The solder assemblies 33 on the chip 10 are aligned with 
the corresponding Cu adhesion pads 51 on the lands 53 on 
ihe microelectronic circuit card 21. The Sn, which has a low 
melting point, is reflcwed to bond the Pb-rich ball to the 



formed on the Cu pad 51 on the land 53. The IC chip 10 with 
the ball 35 is brought into contact with the Sn layer 48 on the 
Cu pad 51 on the land 53 and heated to form the eutectic 
alloy. In other words, a thin Sn cap layer can be deposited 
onto the PCB contact end the Pb-rich ball (without the Sn 
cap layer) is pressed against the PCB contact. After the 
eutectic is formed, annealing is performed, preferably ai 
150° C for 4-5 hours, to diffuse Sn into the Pb to increase 
the melting point of the cap layer of ihe resultant assembly, 



PCB contact. FIG. 5A is a schematic representation of the IC " thus avoiding further unwarned melting during subsequent 

chip 10, with the solder assembly 33, including the Pb-rich processing. Depending on the process parameters, some of 

ball 35 and the Sn-rich cap 37 after alignment, melting, and the Sn may not be consumed in the eutectic and there may 

connecting. The solder assembly 33, which has oot prsvi- be a thin, high-percentage Sn layer (not shown) remaining 

ously been rtfbwed. is rtfsowed to form a Pb/Sn eutecik 39 between the eutectic and the Cu adhesion pads 51 on the 

and "bond the IC chip 10 to the microelectronic circuit card 15 microelectronic circuit card 21. 



21. The reflow is preferably performed at 220-240* C. &r 
80-120 seconds. The reflow is performed at a temperature 
greater than the Pb/Sn euiecric temperature (183 s C.)to form 
zones and/or regions of Pb/Sn entectic at the interface 



The above described process and structure can be used for 
many packaging platforms, including laminates, plastic ball 
grid array (PBGA), teflon, Hex, and tape ball grid array 
(TBGA) packages, as well as other direct chip attach appti- 



between t the . Sn layer 37 and the ball 35, thereby connecting Q ^ m , m a motherboard. Moreover, the above described 

fhf». TC entr\ lfl fn fn* mtermr.te&rftftitmrryMi rsirn 2i HMfino- * . « * ..... 



the IC chip 10 to the microelectronic circuit card 21. Keating 
may be carried out by vapor phase, infrared {IR) f or con- 
vection heating. Bonding occurs by the formation of the 
Pb/Sn eutectic allov 39 at the interface between ihe Pb-rich 



process and structure can be used for any cuteaic-Iike 
system, such as Pb/Au. 

An advantage of using the process and structure of the 
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bail 35 and the Sn-rich cap 37. The Sn-rich cap 37 interacts 25 present invention is that higher throughputs are attained, 
with the Pb-rich ball 35 of the -solder assembly 33 to form 
the Pb/Sn eutectic 39. Preferably, the Sn is entirely con- 
sumed in this eutectic-forming process. 

Initial joining is done at a low enough temperature so that 
the Pb-rich balls do not melt. Thus, the surface of the carrier 
has electrical features that art directly related to the low 
melting point metal on the solder ball of the chip to form the 
eutectic, -hereby attaching the chip to the carrier. 

The Pb/Sn eutectic 39 is preferably 37/63 weight percent 
Pb/Sn, and its formation is favored by the large amount of 
Sn in proximity to the Pb, that is > by Sn in the Sn-rich cap 
37 in proximity to the Pb in the Pb-rich bail 35. The Sn-rich 
cap 37 serves as the Sn supply for eutectic formation, 
thereby obviating the need for a Pb/Sn electroplate on the 
pads 51, In a preferred embodiment, an ami-oxidant or 
corrosion inhibitor may be applied to the pads 51. 

After the initial joining of the chip and carrier by reflow, 
the temperature is lowered, below the reflow temperature of 
the Sn, and the assembly comprising the Pb-rich ball 35 and 
the eutectic alloy 39 is annealed at a sufficient temperature, 
preferably 150 s C, for a sufficient time, preferably 4-5 
hours, to cause Sn from the eutectic alloy 39 to diffuse into 
the Pb-rich ball 35. FIG. 5B is a schematic representation of 
the IC chip 10, including the solder assembly 33, and the Cu 
adhesion pad 51 on the card land 53 of FIG. 5A after 
annealing the solder assembly 33. After the annealing, the 
Sn is diffused and intermixed throughout the Pb-rich interior 
such that the enure assembly 45 is Pb-rich, preferably about 
97/3 Pb/Sn. This process increases the melting temperature 
of the cap of the assembly. Thus, rerlow during subsequent 
processing is prevented. 

It should be noted that annealing can also be performed to 
cause Pb from the Pb-rich ball 35 to diffuse into the eutectic 
alloy 39, thereby achieving the Pb-rich assembly 45. 
However, Pb diffuses into Sn more slowly than Sn diffuses 
into Pb, so it is preferable to diffuse the Sn from the eutectic 
alloy 39 into the Pb-rich ball 35. 

A second embodiment of the present invention is shown 



45 
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Moreover, in the case of TBGA, no gold (Au) plating is 
required. The present invention provides the advantage of a 
high volume process for assembly without the problem of 
secondary reflow. Finally, the amount of solder is very small 
in order to minimize the del&mination problems described 
above. 

Although illustrated and described herein with reference 
to certain specific embodiments, the present invention is 
nevertheless not intended to be limited to the details shown. 
Rather, various modifications may be made in the details 
within the scope and range of equivalents of the claims and 
without departing from the invention. 
What is claimed: 

1. A process of joining an integrated circuit (IC) chip to 
a microelectronic circuit card comprising the steps of; 

depositing a ball comprising lead (Pb) on solder wettable 
input/output (I/O) terminals of said IC chip such that 
said ball has an exposed surface; 
depositing a layer of gold ( Au) having a thickness on the 

exposed surface of said ball; 
providing a matching footprint of said solder wettable I/O 

terminals on said miaceiectronic circuit card; 
aligning said layered ball on said IC chip with the 
corresponding footprint on said microelectronic circuit 
card; 

heating said layer of Au at a temperature greater than a 
Pb/Au eutectic temperature to form a Pb/Au eutectic 
alloy on said ball to bond said IC chip to said micro- 
electronic circuit card; and 
annealing said Pb/Au alloy at a predetermined tempera- 
ture lower than the temperature of said renewing step 
for a predetermined time to diffuse and intermix 
throughout the bond said Au from said Pb/Au alloy and 
said Pb from said ball, to increase melting temperature 
of the bond between said IC chip and said microelec- 
tronic circuit card. 

2. The process of claim 1, wherein ihe thickness of said 



in FIG. 6. In FIG. 6, the Pb-rich ball 35 is attached to the IC £5 layer of An is less than 10.2 #m (0.4 mils), 
chip 10 as in the first embodiment, but the ball 35 does not 3. A process of joining an integrated circuit (IC) chip to 
have a thin Sn cap layer. Instead, a thin layer of Sn AS is a microelectronic circuit card comprising the steps of: 
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:(3) The structure of an inteq rated circuit 
(IC) chip 10 \ 



and a microelectronic 

circuit card 21 of the first embodiment of 
ithe present invention is shown in 
FIG. 4. FIG. 4 is a cutaway view of an IC 
chip 10 and card 21, with a 
nonreflowed solder assembly 33, and a land 
53 on which an adhesion or joining 
pad 51, preferably copper (Cu) , is placed. 
The solder assembly 33 comprises a 
low melting point cap 37 formed atop a high jj 
melting point ball 35. The low 
melting point cap is preferably Sn, but jj 
other low melting point materials such 
as indium or bismuth can be used. j| 

(4) The high melting point ball 35, 
preferably Pb-rich, is deposited on 

solder wettable input/output (I/O) terminals! 
15 of an IC chip 10 or a chip | 
carrier or other substrate. The Pb-rich | 
balls are formed by a conventional 
process and affixed to the IC chip 10 in a 
conventional manner. A thin cap of 
Sn 37 is formed on the end of the ball 35. 
The Sn cap 37 can be applied to the 
Pb-rich ball 35 using any conventional 
process. The thickness of the cap 37 is jji 
preferably less than 10.2 .mu.m (0.4 mils), jjj 
A thicker layer of Sn does not 
diffuse easily. Thus, a relatively Pb-rich § 
core or ball 35 and a relatively 
Sn-rich cap 37 are formed. The IC chip 10 
has an array of contacts/internal 
leads 13. An adhesion layer of I/O 
terminals 15 is used to bond the solder 
assembly 33 to the IC chip 10. Extending 
outwardly from the IC chip is the 
solder assembly 33. The solder assembly 33 §§ 
has not yet been reflowed, melted, 
or remelted. 

(5) A matching footprint of solder 
wettable I/O terminals or adhesion pads 51 
is provided on a microelectronic circuit 
card 21. The solder wettable I/O 
terminals or adhesion pads 51 are 
substantially free of deposited solder 
alloy, i| 
and are preferably a Cu surface 51, or 
optionally a surface of Cu and an 
oxidation inhibitor. The Cu pads 51 on the || 
lands 53 of the circuit card 21 
correspond to the solder assemblies 33 on 

the IC chip 10. 

(6) The solder assemblies 33 on the chip 
10 are aligned with the 

corresponding Cu adhesion pads 51 on the 
lands 53 on the microelectronic 
circuit card 21. The Sn, which has a low 
melting point, is reflowed to bond 
the Pb-rich ball to the PCB contact. FIG. 
5A is a schematic representation of 
the IC chip 10, with the solder assembly 33,1 
including the Pb-rich ball 35 and 
the Sn-rich cap 37 after alipnment ^ melting, i& 
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the IC chip and the -outside wcsW such 
Is cue eittbodimezt. the interconnect strucj 
Interconnect wbtfmte having * first post d| 
lis surfaces and a second post disposed 
surfaces. One post ii for contacting the IC 
ii for cosuctins the nx&x sutanto. H*ct 
an eiongvted body having top and bottom 
bottom end being mounted to one of the 
and the rap end having a ssbttantitUy fl*{ 
subHAUtiilry co-planer with &c jufcttntc * 
connect substrate farther comprise- 
sle-c oaassg b ating the nseetuudcnl stain pres^ 
of die top and bottom end* of each poat Th| 
posts are electrically coupled to one ti 
eJectricai signal may pass from IC cnlpi 
substrate, and vice- vena, 
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c:hip-to-substrate wire connections anci 
pi^ovides a much lower inductance, on i 
order of 42 pH or less. In 
comparison, a BIP interconnect has anij 
inductance of .about. 250 pH. A C.supij 
interconnect has a comparable inductarj 
.about. 50 pH but, as indicated 
above, has a low aspect ratio which 
contributes to its fatigue failure ralffii 

(5) In a preferred embodiment of the 
present invention, interconnect column 
15 further comprises a base pad 20 disposed 
between surface 13 and bottom end 
17 of post 14. Base pad 20 is mounted to 
surface 13, and bottom end 17 of post 

14 is mounted to base pad 20. Preferably, 
base pad 20 comprises a metallic 
material, such as copper, nickel, cobalt, 
gold, or palladium. As described 
below in greater detail, base pad 20 
facilitates the construction of post 14 by 
electroless or electrolytic plating, and 
preferably the top layer of base pad 
20 comprises the same material as that of 
post 14 . 

(6) As an option, interconnect structure 
10 may include a wire trace 50 on 
surface 13 for connecting an electronic 
signal present within substrate 12 to 
wire interconnect column 15. This signal 
may, for example, be generated by 
circuitry within substrate 12 or connected 

to substrate 12 by another | 
interconnect structure. Trace 50 is | 
electrically coupled to base pad 20 of 
interconnect column 15 and, in turn, to post| 
14. As an equivalent, a via in 
substrate 12 may be used. 

(7) To communicate the signal present on 
trace 50 to circuitry on integrated 
circuit chip 





example, electrically 
connecting is intended to encompass a 
direct wire connection as well as a 
capacitive coupling between post 14 and IC 
chip 70, which may be provided by an element* 
electrically and mechanically 
coupled between the two.) In one preferred 
embodiment of the present invention, § 
bump 80 comprises a solder material, which 
is defined as a material which may 
be reflowed repeatedly and at a relatively 
low temperature in comparison to the 
melting temperature of post 14. Exemplary 
solder materials include, but are 
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h errd spri'e ri cal in shape, ' having a di am*^ 
of 25 microns and a height of 5 microip| 
Bump 80 is disposed on a metallic pad ||| 
(shown. in FIG. 3 at 75) on the surface!!! 
chip 70. The pad is preferably : ~ 

circular with a diameter of .about. 25 1|| 
microns. In those embodiments of the 
present invention in which bump 80 corj-j ~ 
a conductive polymer material, 
bump 80 may have roughly similar initial 
dimensions. With these bump 
dimensions, the pad area is approximately 
500 .mu.m.sup.2, which is more than 
15 times smaller than the pad areas 
currently used for C.sup.4, BIP, and UNIAX 
interconnects. As a result, the parasitic 
capacitance associated with pad for 
interconnect column 15 is roughly an order 
of magnitude less than that for 
C.sup.4 and BIP interconnects (.about. 16 fF 
versus .about. 160 fF) . It may 
therefore be appreciated that the structure 
of interconnect column 15 enables 
smaller pad sizes to be used, which enables 
more interconnects per IC chip at 
higher signal transmission rates. 



I IMJff l TM iu 





(11) FIG. 2 is a cross-sectional view of 

the wire interconnect structure 

shown in FIG. 1 taken along a vertical plane! 

passing through the line 2 — 2 

shown in FIG. 1. The reference numerals 

used in FIG. 1 are also used to show 

the same items in FIG. 2. FIG. 2 shows the | 

features of post 14 in greater | 
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2'u c omp rise's " t'h e same material 'as ''that or 
'post 14. p 



Detailed Description Text - DETX (7) : 

To communicate the signal present on 
trace 50 to circuitry on integrated 
circuit chip 70, post 14 is electrically and| 
mechanically connected to 
integrated circuit 70 via a bump 80 of 
ref lovable and electrically conductive 
material. (The term "connecting" used 
herein is intended to have the breadth 
of the term "coupling" and to mean all meansi; 
by which elements such as post 14 
and chip 70 may be electrically coupled 
and/or mechanically coupled to one 
another. For example, electrically 
connecting is intended to encompass a 
direct wire connection as well as a 
capacitive coupling between post 14 and IC 
chip 70, which may be provided by an element! 
electrically and mechanically 
coupled between the two. 




Detailed Description Text - DETX (31) : 

The £Ojp£er plug 224 in through hole 220 
and pads 20 on the surfaces of 
substrate 212 collectively comprise an 
electrical conductive path from a first 
area (i.e., pad 20) on surface 213 to a | 
second area (i.e., pad 20) on surface 
214. It may be further appreciated that the| 
above steps for forming through 
hole 220 and pads 20 collectively comprise a| 
means for forming such an 
electrically conductive path. 



Detailed Description Text - DETX (40) : 

At block 320, a conductive material, 
preferably copper, is deposited on the 
exposed areas of pads 20. This is 
preferably done by electroless plating both 
surfaces of substrate 212. The copper 
material is only deposited on the 
exposed surface of each base pad 20 and is 
not deposited on the top of 
polyimide layer 354. In this regard, layer || 
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and showing the contact of an integrated 
circuit chip to the wire interconnect 
structure of FIG. 1. 

FIG. 4 is an isometric view of an array 
of the wire interconnect structure 
shown in FIGS. 1 and 2. 

FIG. 5 is a cross-sectional view of a 
second embodiment of the wire 
interconnect structure according to the 
present invention. 

FIGS. 6A-6D are a flow diagram of a 
method of constructing the first and 
second embodiments of the present 
inventions . 

FIG. 7 is a cross-sectional view of an 
additional embodiment of the wire 
interconnect structure according to the 
present invention. 

FIGS. 8A-8C are a flow diagram of a 
method of constructing the embodiment of 
the present invention shown in FIG. 7. 

DETAILED DESCRIPTION: 



(1) 



DETAILED DESCRIPTION OF THE INVENTION 



(2) FIG. 1 is an isometric view of a first| 
embodiment of the wire 

interconnect structure according to the 
present invention, which has been given 
the general reference designation 10. Wire | 
interconnect structure 10 is for 
electrically and mechanically coupling a 
substrate 12 to an integrated circuit 
(IC) chip 70, as shown in FIG. 1. 
Interconnect structure 10 may be used to 
couple an electrical signal between 
substrate 12 and IC chip 70 or for 
supplying power to IC chip 70. Structure 10| 
comprises substrate 12 and an 
interconnect column 15, which includes an 
electrically conductive post 14 
disposed on a first surface 13 of substrate | 
12. Post 14 is for making contact 
to integrated circuit chip 70 and comprises § 
an elongated body 16, a bottom end § 
17, and a top end 18. Bottom end 17 is 
mounted on surface 13 of substrate 12. 



Post 14 preferably comprises a metallic 
material, such as copperl 



nickel, 

cobalt, gold, or palladium. In a preferred 
embodiment of the present 

invention, the material of post 14 comprises^ 
coanftjc i — — M 
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of the interconnect columns 15a and 
15b comprises a post 14 with elongated body 
16 and ends 17 and 18 , a base pad 
20, a fillet 22, and a peripheral edge 19, 
as described above. Additionally, 
post 14 comprises an interior portion 24, a 
coating layer 25, and an oxide 
layer 26, all as described above. The 
reference numerals used in describing 
interconnect column 15 shown in FIGS. 1-3 
have been used for interconnect 
columns 15a and 15b of FIG. 5. 

(22) First interconnect column 15a is 
disposed on first surface 213 of 
substrate 212 such that its bottom end 17 
and base pad 20 are mounted to 

surface 213. First interconnect column 15a 
is for making contact to IC chip 
70 T . In a similar manner, second 
interconnect column 15b is disposed on 
second 

surface 214 of substrate 212, such that its 
bottom end 17 and base pad 20 are 
mounted to second surface 214. Second 
interconnect column 15b is for making 
contact to major substrate 90. 

(23) Interconnect structure 200 further 
comprises a coupling means for 
electrically coupling first interconnect 
column 15a to second interconnect 
column 15b. In a preferred embodiment of 
the present invention, the coupling 
means comprises a through hole 220 passing 
through substrate 212 between first 
surface 213 and second surface 214, which is| 
filled with a plug of conductive 

material 224. Through hole 220 includes a 
first end 221 next to base pad 20 
and bottom end 17 of interconnect column 
15a, and a second end 222 next to the 
base pad 20 and bottom end 17 of second 
interconnect column 15b. Plug 224 
preferably comprises a metal, such as 
copper, or metal alloy which is formed 
within through hole 220. Plug 224 makes 
electrical contact to corresponding 
pads 20 of each interconnect columns 15a and| 
15b and forms a conductive path 
therebetween, thereby electrically coupling | 
columns 15a and 15b to one another. | 

(24) Interconnect substrate 212 may have a| 
thickness in the range of 100 

microns to 2,000 microns, with a value of 
250 microns being presently 
preferred. 



Additionally, substrate Zli 
formed from a non- conductive ] 
material and is preferably rigid. For 
example, substrate 212 may comprise a 
ceramic material,! 



_ alumina, a glass material, |§ 

sapphire, or a composite of 
polyimide and a rigid material. Through 
hole 220 is preferably circular in 
cross-section (as seen from the top plan 
view of substrate 212) , and preferably 

haq * HiamPl-pr ip 1"hp rannp nf 17 CfHUf trX 

^ !^LL ~~ 
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I REMOVE A PORTION OF 
OXIDE LAYER 26 AT THE 
TOP END 18 OF EACH POST 
14 8Y DIPPING EACH TOP 
j END \H A TON LAYER OF A 
HIGH-VISCOSITY. LOW-pK 
SOLDER FLUX 






COAT EACH SURFACE OF 
SUBSTRATE 2t2 WTTH BLACK 
WAX. 






DICS INDIVIDUAL 
INTERCONNECT 
SUBSTRATE& 






REMOVE BLACK WAX. 
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interconnect systems require large bonding 
pad areas on the IC chip and/or the 
substrate, usually 100 .mu.m or more on a 
side or 100 .mu.m or more in 
diameter. The large pad areas not only 
limit the number of interconnects that 
can be made to the chip and substrate but 
increase the parasitic capacitance of 
the interconnect. As is known in the 
semiconductor art and circuit board art, 
the amount of parasitic capacitance of a pad| 
is proportionally related to its 
area, and the speed at which the 
interconnect can transmit electrical signals;!! 

decreases with increasing parasitic 
capacitance. The current trends in high 
performance computer systems are towards 
increasing the density of chip 
interconnects and speed of electrical 
communications. These trends raise | 
concerns as to whether the C.sup.4, BIP, and! 
UNIAX approaches can still be used 
for manufacturing high performance computer § 
systems. | 

(15) Presently, there is a need for a high| 
density, high speed interconnect 
structure whose characteristics match or 
exceed the non-invasive bonding of 
fused solder bumps and the higher mechanical!;! 
and electrical reliability of BIP, 
and which can be easily manufactured with 
low parasitic capacitance, such that 
several hundred to several thousand 
interconnects can be made from a one 
centimeter square chip to a supporting 
substrate. The present invention is 
directed to filling this need. 



(16) 



SUMMARY OF THE INVENTION 



(17) The present invention recognizes thatl 
these problems experienced in the 
prior art may be addressed by an 
interconnect structure having a substrate 
with 




ratio for each post 
and by having means disposed at one 
or both ends of each post for 
de-concentrating the mechanical stress and 
strain 

rifiYP . .1 . nnf! > .d...a l lnnani.hp l .hndv l of the nnst m 
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tea overlay tctive circuitry. Id some appticsfiaas. Hit UMAX pins iiocihe enter of I to ZThit cresses* 
life and piss ure ccrxsneaed onto (at supporting connection to* wlH not flex under normal cpaw 
2. Qftendmes. dsn lapporticg substrate also has tons. Any misutch is tbezmai strain will jnittfc 
y whkb can be dimmed by toe thcrmo-coa^rMtioD pin uader stresses capable of causing the bond to i 

3 fs * tendency for die polymer film to limit the 2cz 
i second disadvantage, the number of interconnects UNIAX posts during thermal expansion and coatr 
'd ftjf t high density device is luge so that (he number a result, the raeriuudcil sheer indu^ 
jbends required If similarly large. Bach time • bocd transferred to {he *oMer joints at either tad of esc 
k lc.. the coaantssion bonder cornier* and com- pin-rsiher than bdag distributed aloes the esisldi 
ithe chip, there is a risk of damage or redgne. This iC the pins, Aa a result, me UNIAX system mey ; 
jUpUcs with the number cf bonds* thus redudngthe relUbfiOiy no better fan of the C* solder bom 
if fee BIP process. Is view of the above (wo A solderiess pressure joint is po*rJfel« wfca tht U> 
•ateges, the BIP process in its currentjy wed fcrcn 1* Th« resistance of this type of contact is. however, \ 
spadhie with many bigh-denjity IC chip*. Farther to ably high is some cases, 
ot ai»c*pxtcdfluitfaoiirrix£rof I/O pads per chip iS la addition to these disadvantages, the C*. 
atinue be increase, UNIAX iaiereonftact systems require large hot 

mW dUsdviotifsofths BIP process, the rnaniasnm areas on the IC (tip and/or she sebstmc usually 
I of BIP gold-bail* that can be formed cusnntiy it more on a side or 100 ^arncre In diameter. The 
jmarty 3 per second Wfth the cunent cumber ** areas not only limit the number of mrereonneou i 
\ VQ pjflj for typical ULSI circuits bow approaching 20 made to the drip end lobstmna but utcressc tht 
jwiii take one mexmc-coznpression bonder apprcai. capacitance of the interconnect As is known in! 
:3 minuses to prepare one IC cfc to toe bonding to Ove conductor art and circuit board an, the amount c 
$ng subst/aie. In the futureTft is expected mat cepacunscsofnpedispvoiKrtOttaUyrtiAedmfd 
jer-system renjoiresnents wi& tocrtatg me number of ^ ^P 0 ^ at which the inicrconacct can transmit 
is to west over 1000. This would Increase be BIP 13 dgsais decreases with increasing parasitic capaciJ 
jfion time to well over 3 minutes per single IT chip. cuswm trends in high performance computer 
< ffl it?y. ft* n umher of IC C hj jp s requiring BIFconncc- towwds facreuiag be density of chip intercon 
* a high perfcamaoce wuti* i tw system is ejected to speed of etectrfml oofnmntnVitifws, These trends \ 
torn approsJmntesy 100 to wefl <rm 1000, These cerra nsa3 whether die C*. Bff. and LTy^a^ 
trends eo nc en a as to whether die BIP process still be used for nuHiufXctnriflft high performance: 
X be ootamescial ftnrihBfty for inenufsehii l Bg high systems, 

since computer systems. Presently, there is « need for n high dcosiry, fc 

ifcwm disadvantage of the BIP process, flie gold can tntfrctutaect tsromge whose cherncteruaica msschjl 
e into the solder during the heat comacring process, „ the ooo-lsrva«vr bonding of msed solder bump; 
»a a frplftniaMi y weaken the holding capehffiiy of <he higher mechariort and electrical reliability of: 
due to the formation of inter-metnilic compounds. which can be easily mnnvfachsed with tow: 
jnheaiog reduces die reliability of the BIP sntaroou- Mpseftance. sach met several hundred u* KvemS 
ad the leBab lB t y cf qratama wing large enmbera of Uuerconnects eae be made from e one cendr ^ 

^ chip to n supporting substrate. The mrscnt 

fher approach to addressing the fatigue problem of 
Older bumps is the UNIAX™ contact system. The 



directed so fiQing das need. 

SUMMARY OF THE INVENTION 



The present invention recognises that these 
expmcEccd is Ac prior art may be addressed b> 

structure having a s ub s tr ate with a 
ekctrfcaBy conductive poets inechnnicnlly a 

to the stsfacB of the supporting substrste. % 
iovention further gecognfies mat she affects 
mechanics} stress may be reduced by having nut 
for each post end by having means disposed 
crwis of e#cb post for d<>-ccaccctr*rin^ ihe c 
stress end strife developed along the body of the; 
present invention further reeoghim that the snhc 



I contact system is directed towards addressing me 
described disadvantages of the BIP process. In die 
if system, a phrrntsy of cylindrical interconnect 
list sheet c^c«iym«rnln^eai4ir2terccfflnecj 
in s bole in the mm such tfuttihiaaunldnwioniahcld 
pouter to the film sanfne&The film is ahnostas 
sud length of me pin (100-2O) mtarona>Each 
)ids its corresponding pin at me ndddle of its exist 
jsuch that n smell and equal amount of the ' 
ies AomesHw surface of the nhn, To foetconnecs 
? with the snppordBg substrate, the film is unerposcd 
lb the chip end substrate, and the chip end substrate 

^Oppressed together. Tl» UNIAX pms an aligned to J5 be the stmportlsg suhstrtm or may be an 
jondingpftdtofi both the and the substrsm^ and lubstrate which U ir^erposed between the IC 
S used to mtxtianJcaf ry coupie the pine to the chip snd major supporting substrate. In the letter case, e 
te. Before contacting, thesdderls deposited on each conductive posts are disposed on both sudiC 
substrate and chip by any of the following means: bienuedutfc f»*Hj™~ ssshsteate. Addinonslly, 4 
kian through a sbndow mask: defining a mail: with invention recognizes that such a structure is ma 
smogrsphy foiiowed by electrcpUtiirg; metal iifVoff; than fee C* and UbOAX processes end has the p 
dikg or silkscreening a setter pine. being mass prodoccd at costs lower then those 

bugs the UMAX system has bees eaccessful as with the BIP process, 
jing some of the disadvantages of the C 4 end BIP Broadly stated, (he present invention esKompst 
ies and. in theory, can provide a large number of 65 Isterconnect structure for electrically coupling a * 
nneos, it else has drawbacks which limit its use for sn mtegrated drouit ddp and toeUKxis far cooitz 
inmbers of intacosnectt. The aspect redo of As 
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